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PREFACE 
Heteroderoid nematodes are the most spec ia l i sed and 
highly des t ruc t ive plant p a r a s i t i c nematodes. Correct taxo-
nomic determination of the type and nature of t h e i r spec ies , 
including biotypes, i s desirable not only for understanding 
t h e i r phylogenetic in te r re la t ionships but also for devising 
su i t ab l e methods of t h e i r control . Now a days molecular taxo-
nomy i s gaining impedence to compare the molecular composition 
and organisa t ion . The goal of modem taxonomic system i s to 
groL^) organisms on the basis of evolutionary a f f i n i t i e s involv-
ing comparison of macro molecules. But t h i s appiroach has not 
been adopted in case of phytonematodes. Morphological charac-
t e r s alone often do not indicate t rue re la t ionship among 
d i f f e ren t t axa . S t ructura l s im i l a r i t i e s and d i f fe rences , 
supported by comparative data on t h e i r p ro te in , enzyme and 
nuc le ic acid p a t t e r n s , wi l l form a sound basis fo r authent ic 
i d e n t i f i c a t i o n of individual species. I t seems, the re fore , 
worth studying the pat terns of important macromolecules (pro te ins , 
enzymes and nucleic acids) to es tabl ish a t rue phylogenetic 
r e l a t i o n s h i p . The molecular taxonomy i s based on the comnon 
p r i n c i p l e , t h a t i f two organisms are re la ted taxonomically the 
genomes must also re ta in common base sequences t h a t are 
descendent from common ancestoral sequence. The presen t work i s 
a prel iminary attempt to achieve the goal of molecular taxonomy 
of Meloldogyne species , the most abundant Heteroderoid nenatodes 
of northern Ind ia . 
( i i ) 
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INTRODUCTION 
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Nematodes comprise a l a rge ubiquitous group of inver-
t e b r a t e s , highly d ivers i f ied with represo i ta t ives in almost 
every kind of eivironment. They occur in imJLmaginable numbers 
as well as in wide var ie ty of species , s ize and s t ruc tu re s . 
Borellus (I656) discovered the f i r s t free l iv ing nematode. 
Subsequent work by Needham (1743) began the era of the study 
of namic pa ras i t e s of p lan t s and thus l a id the foundation of 
t h e science of nematology. A large number of nematode species 
a re pa ras i t e s of d i f ferent kinds of p lan ts and animals. Some 
species are microphagous, o thers are saparophagous and many 
species are herbivorous or phytophagous obtaining nourishment 
d i r e c t l y from p l a n t s . I t has been estimated t h a t a s ingle 
acre of s o i l from arable land may contain as many as 3 b i l l i o n 
nematodes ( Ja i ra^pur i , 1986). The present day number of known 
species i s only about 15,000 but the estimate of exis t ing 
species i s around 5x10 o r more ( Ja i r a jpu r i , 1986). This 
implies tha t the majority of nematode species are not known 
and our knowledge of t h i s groiq) i s s t i l l very t r i v i a l and i n -
coQ5)lete. The growing awareness t h a t p l an t p a r a s i t i c nematodes 
are a l imit ing fac tor in ag r i cu l t u r a l p roduc t iv i ty , has led to 
a tremendous upswing in the i n t e r e s t and within a short period 
of about three decades n«natology has emerged as a sq)ara te and 
important f i e ld of biology and ag r i cu l tu re . 
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The root-knot nematodes, a common name co l l ec t ive ly 
given to the species of Meloidogyne (Gtoeldi, 1892) causing 
knots (ga l l s ) formation on the roots of a wide va r ie ty of 
p l a n t s a r e , undoubtedly, the most well known and extensively 
s tudied nematodes. These are prevalent in menacing propor-
t i o n s in most p a r t s of the world, especial ly in the sub-
temperate, subtropical and t r op i ca l regions, and a re consi -
dered to be the number one nematode pro bleu of a g r i c u l t u r a l 
crops in most developing na t ions . More than 61 presen t ly known 
species and 2 subspecies are causing a serious problem on 
almost a l l the p lan t s tha t account for major proportion of food, 
f i b e r and timber supply (Das Gupta and Gaur, 1986), The root -
knot i s one of the few nenatode diseases of crops known to the 
farmers owing to the spectacular symptoms. This d isease was 
f i r s t reported on the glass house grown cucumbers by Berkely 
(1855), who named the nematode as 'V ib r io s ' . Later , Greeff 
(1872) had described the nematodes induced swelling in host 
roo t s as Anguillula rad ic ico la . Moreover, Goeldi (1887) named 
t h e root-knot nematodes on coffee as Meloidogyne exigua,. These 
nematodes continued to be cal led by d i f f e r e i t names t i l l 
Chitwood (19^9) considered a l l root-knot nematodes xmder the 
genus Meloidogyne and recognized the nomenclature for exis t ing 
species as M, .javanica (Treub, 1885), M. arenar ia (Neal, 1889), 
M. exlgua (Goeldi, 1892) and M. incognita (Kofoid and White, 
1919). 
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SYSTEMATICS OF NEMATODE POPULATION 
The placement of genus Meloidogyne under higher taxa 
has been debatable. Filip;3ev (1934) had included both root-
knot and cyst nematodes in family Heteroderidae. Later, 
Skarbilovich (1947) included it into 2 subfamilies; Heteroderinae 
and Tylenchalinae but Throne (1949) recognized only the former 
with the genera Meloidogyne. Heterodera and Meloidodera. 
Chitwood and Chitwood (1950) classified Meloidogynae under the 
subfamily Heteroderinae of family Heteroderidae. However, 
Skarbilovich (1959) erected the subfamily, MeJx^ idogyninae to 
include Meloidogyne and Meloidodera. Subsequently, Goldoi (1971) 
raised the status to si4>erfamily for Heteroderoidea retaining 
Meloidogyne under Meloidogyninae but erecting subfamily 
Meloidoderinae for Meloidodera. 
The family, Meloidogynidae was recognized by Wouts (1972). 
He included Meloidogyne and Meloidoderita in this family. The 
latter was shifted to the family Meloidoderitidae under the 
siqjerfamily criconematodea by Kirjanova and Poghossian (1973). 
Choi and Geraert (1974) included Meloidogyne and Meloinema under 
the family Meloidogynidae. Subsequently Hussain(1976) splitted this 
family into 3 monotypic subfamilies, namely, Meloidogyninae, 
Meloinematinae and Meloidoderallinae. Meloinematinae was, how-
ever, synonimized with subfamily Nacobboderinae to include the 
genus Meloinema (Stone, 1977). The differentiating characters 
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for the .juveniles, male and females of the genera Meloidogyne. 
Meloinema and Meloidoderlla belonging to the th ree monotypic 
subfamilies have been given by Hirschmann (1985). 
The present tasronomic posi t ions may be given as 
under: 
Phylum 
Class 
Order 
Suborder 
SiQ3erfamily 
Family 
Subfamilies 
Nanatode 
Secementia 
Tylenchida 
Tylenchina 
Heteroderoidea (Hoplolaimoidea 
according to Siddiqi , 1986) 
Melo idogynidae 
Meloidogyninae — genus: Meloidogyne 
Nacobboderinae — genus: Meloineaa 
Meloidoderllinae — genus :Meloidoderella 
PREVALENCE OF PLANT NEMATODES IN INDIA 
The f i r s t report of a p lant p a r a s i t i c nematode in India 
i s believed to be t h a t of the root-knot nematodes on t e a , as 
Heterodera rad lc ico la . from Devala s t a t e of Kerala (Barber, 1901). 
Subsequently, Ayyar (1926) and many others reported the root -
knot nenatodes on a number of crops under the names H. rad ic ico la . 
H. marioni o r Meloidogyne species . So fa r 11 species have been 
reported to be p r e s a i t i n India and out of th.ese M, incognita . 
M. .iavanica and M, graminicola are predominant accounting for 
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approximately A8%, 15% and 5.5% of the t o t a l Meloidogyne 
populations respec t ive ly . They are most widely d i s t r ibu ted 
and reported to a t tack a wide range of mostly dicot and some 
monocot crops (Dhruj and Vaishnav, 1981). Root-knot nematodes 
are widely prevalent on tobacco. M. javanica was found in fes -
t i ng FCV tobacco in Andhra Pradesh (Anon, 1971). 
Among the species present in India M, incognita and 
M. .javanica have the widest host ranges covering over 232 and 
144 genera of p lan ts in India , respectively (Krishnappa, 1985). 
The preferred hosts are dicot vegetables, pu l ses , f i b e r s , f r u i t s 
and cash crops. Some monocots l ike sugarcane, p e a r l , m i l l e t , 
banana e tc , are also heavily attacked. These species often pose 
a ser ious problem in nurser ies of f r u i t t r e e s , vegetables and 
ornamentals. Recently, Pate l e t a l . (1986) also r ^ o r t e d 
M. .javanica in fes ta t ion on wheat grown a f t e r tabacco nursery, 
Meloidogyne arenaria i s known to at tack over 15 p lant 
genera in India and poses a serious problem on groundnut (Prasad, 
1980) which i s also attacked by M, .javanica <md M, incognita 
(Sukhuja and Se th i , 1985). M. arenaria has also been recorded 
on tomato, beans, okra and tobacco, e t c . (Swarup and Koshy, 1965). 
Meloidogyne hapla has a l imited d i s t r ibu t ion in the 
cooler regions and the host range in India a>vers about 9 genera. 
I t was f i r s t recorded on tea in Assam (Mukerjee, I960) and 
vegetables in Tamil Nadu (Seshadri and Kumarswami, 1963). 
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Moreover, Meloidogyne gramlnicola i s known to a t tack p l an t s 
belonging to over 21 genera in India and i t i s mainly a 
problem for r i ce crop in Orissa, West Bengal, Assam and adjoin-
ing areas (Rao, 1970 and Rao e t _ a l . , 1977). The In te rna t iona l 
Meloidogyne Project ident i f ied 4 races in M. incognita and 2 
in M. aretiaria (Sasser, 1979). In India,Raja and Gi l l (1982) 
and Routray and Das (1982) reported 2 races in M. incognita . 
However, Krishnappa (1982) was able to ident i fy 3 races among 
M. incognita in India , of which race-1 was found in a l l agro-
c l imat ic zone, race-2 was confined to Kamataka and race-3 to 
Kamataka and Tamil Nadu. 
Cyst forming nematodes 
The cyst forming nenatodes, of the superfamily 
Heteroderoidea are one of the most i n ^ r t a n t p e s t s of ag r i cu l -
t u r a l crops a l l over the world (Siddiqi , 1986). They are p r i -
marily root p a r a s i t e s , though they may occur on underground 
stems l i ke potato tuber (Oostenbrink, 1950) and exceptionally, 
on leaves of white clover (Ross, 1960). There are a t present 
a t o t a l of some 56 species ol Heterodera recorded from t r o p i c a l , 
subtropical and cool temperate a reas , many of which a t tacks 
important crops (Swarup and Gokte, 1986), The d i s t r i bu t i on of 
a l l cyst nenatode species and t h e i r r a t e of developmoit and 
reproduction are affected by temperature, r a i n f a l l and s o i l 
types as well as by host crops (Jones, 1975a,b). The world wide 
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distribution of these nematodes has been reviewed extaisively 
by Meagher (1977). 
Vasudeva (1958) for the first time reported Heterodera 
avenae as a cyst fornaing nenatode species in India, It was 
found associated with the 'molya* disease of wheat and barley 
in the Siker district of Rajasthan state. Later, it has been 
recorded from the other neighbouring states viz. Haryana, Punjab, 
Jammu & Kashmir, Uttar Pradesh and Delhi (Swarup et al,, 1982). 
S» s^ venae has also been recorded as parasites of rye, oats and 
some grasses of the Graminae family, commonly present in wheat 
fields (Gill and Swan?), 1979). 
Swarup jet al. (1964) identified another species of 
Heterodera as H. trifolii which was later called as H. ca.iani. 
It has been reported from Andhra Pradesh, Bihar, Delhi, Haryana, 
Rajasthan, Tamil Nadu and Uttar Pradesh (Koshy and Swartp, 1971 
and Vanna and Yadau, 1977). H. ca.iani usually attacks on legu-
minous crops and some members of the Padaliaceae family. 
Heterodera zeae a well known parasite of maize crop of 
world wide distribution, has also been found in various states of 
India such as Andhra Pradesh, Bihar, Gtgrat, Madhya Pradesh, 
Uttar Pradesh, Rajasthan and Maharashtra (Srivastava and Swarup, 
1975 and Dareker and Pat el, 1981). 
Heterodera oryzicola, has also been demonstrated as a 
parasite of Paddy plants in Kerala state, contributing to a re-
duction in 7 to 29% of the yield. However, this species is 
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l imi ted in i t s d i s t r ibu t ion (Ushakumari and Kurjan, 1981), 
Heterodera sorghi and H. gambieasis have been recorded as 
the pa ra s i t e s of sorghum (Krishna Prasad and Krishnappa,1982 
and Sharma and Swamp, 1984). 
Jones (1961) for the f i r s t time reported Globodera 
ros tochiensis and Globodera p a l l i d a as a potato cyst nematode 
i n the Ni lgr i H i l l s of the Tamil Nadu s t a t e . These are the 
most important and dangerous nematode spec ies . 
IDENTIFICATION OF NEMATODE SPECIES 
Ident i f ica t ion of the population of root-knot and cyst 
nematode species and t h e i r host races are considered to be the 
bas i s for t h e i r effective control . Many of the nematode species 
can be easi ly iden t i f ied , e i ther by t h e i r r e s t r i c t e d host 
ranges or by cer ta in d i s t i n c t morphological charac te r s . However, 
ce r t a in other species are very d i f f i c u l t to ident i fy because 
they are poorly described and are s imi la r to the four most comnKjn 
root-knot nematode species, Meloidogyne incogni ta . M. .javanica. 
M. hap l a and M. arenaria (Esser &t a l . , 1976 and Hewlett and 
Tarjan, 1983). In general , ra^st of the unident i f ied populations 
eventually have been shown to belong to 1 of those 4 most comm)n 
species (Sasser, 1980). Within each spec ies , the re ai^e cytolo-
g i c a l races (Triantaphyllou, 1979), host races (Sasser, 1979), 
biochenical phenotypes (Dalmasso and Berge, 1978) and aorpiwlogi-
ca l va r i an t s (Allen, 1952 and Eisenback arxd Hirschmann, 1980). 
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Although i t i s poss ible to ident i fy a population on the basis 
of 1 o r 2 morphological characters of a few specimens, but the 
accuracy of iden t i f i ca t ion increases as more kinds of taxonomic 
characters are examined. 
Various approaches to the taxonomy of nematode species 
include morphology (Sasser, 1980; Eisenback _et a l , , 1981 and 
Jepson, 1983)f host response (Sasser, 1954; Netscher, 1978 and 
Eisenback et ^ . , 1981), cytology (Traintaphyllou, 1979 and 
Eisenback et a l , , 1981) and biochemical parameters (Dalmasso 
and Berge, 1978; Eisenback et a l , , 1981 and Dalmasso and Berge, 
1983). 
Taxonomy based on c l a s s i ca l methods 
One of the c l a s s i ca l methods for the iden t i f i ca t ion and 
character izat ion of nematodes on the basis of t h e i r moiphology 
i s the cha rac te r i s t i c per inea l p a t t e r n . For many populat ions, 
i t i s quite s tab le and useful for species iden t i f i ca t ions 
(Dropkin, 1953 and Sasser, 1954), The problems associated with 
taxonomy of nematode species include the v a r i a b i l i t y of morpho-
log ica l characters (e .g . the pos t e r io r cu t i cu la r pa t t e rns of 
adult fonales) and the occurrence of physiological races d i f fe -
ren t i ab le only by t h e i r reproduction on cer ta in p l an t s 
(Netscher and Taylor, 1979 and Sasser , 1979). The lack of 
r e l i a b l e morphological c r i t e r i a has led many taxonomists to 
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inves t iga t e other methods for iden t i f i ca t ion and c l a s s i f i ca t i on 
of species and races . 
Chrlste and Albln (19A4) showed tha t the populations of 
root-knot nematodes, i so la ted from various p l a n t s , had d i f f e -
ren t host ranges. Therefore, by studying the morphology of 
severa l populations with dif ferent host responses, Chitwood 
(19^9) recognized and c lear ly described the four most wide spread 
and common Meloidogyne species . 
Cytogenetic informations about root-knot and cyst 
nematodes have also been very useful in elucidat ing the b io log i -
ca l re la t ionships and in suggesting a number of poss ib le pa th-
ways of evolution of the present forms of these nematodes 
(Triantaphyllou, 1984), The fact t ha t most root-knot nematode 
species reproduce by mitot ic parthenogenesis and have var iab le 
chroiiK)some number complicates the concept of what cons t i tu t e s 
a b io logica l species in these organisms with the exception of 
M, Incognita and M, .-)avanica which represe i t uniform bio logica l 
un i t s with d i s t i n c t morphological, cytological and biochemical 
f ea tu res . The biological s t a tus of a l l o ther obl igatory pa r the -
nogenetic (mitotic) species i s not c l ea r . In the pas t decade, 
because of the world wide importance of Meloidogyne species 
as p lan t pathogens (Sasser, 1980) and the d i f f i cu l ty often 
encountered in identifying species , a t t en t ion has been focussed 
on cytogenetic and biochemical analysis as a too l for i d e n t i f i -
cat ion and systematics of nematodes (Triantaphyllou, 1979). 
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These studies are useful in elucidation of phylogenetic 
relationship by combining the informations obtained from the 
morphological, cytological and biochemical investigations. The 
application of biochemical systematics to nenatodes has been 
extensively reviewed (Hansen and Buecher, 1970; Platzer, 1981 
and Hussey, 1982). 
Taxonomy based on biochemical methods 
Biochemical approaches to characterize Meloidogyne species 
provide a new and useful information for taxonomic and phylogene-
tic studies of nematodes. In fact, biochemical systematics 
largely depends on identification of the subtle molecular diffe- . 
rences which underlie taxonomic variation (H^msen and Buecher, 
1970). Meloidogyne species are particularly suitable for bioche-
mical analysis because living globose, adult females, second-
stage .juveniles or eggs can be readily separated from each other 
(Hussey, 1971 and Hussey and Sasser, 1973). This analysis is 
done in a single developmental stage of the nematode, thereby 
eliminating most age-dependent variations. 
In fact proteins are the ultimate gene protiucts and the 
sequence of nucleotides in a gene is reflected in the primary 
sequence of its gene product. Thus the analysis of these macro-
molecules provides a reliable approach for comparing the geno-
types of the organisms (Avise, 1974). Protein sequencing is not 
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present ly feas ib le with nematodes and therefore , biochemical 
systematics of these organisms has re l i ed on comparisons of 
t he amino acid composition of the prote ins employing gel 
electrophoresis and serological techniques. 
Electrophoret ic analysis of protein 
Polyacrylamide gel electrophoresis (Omste in , ^9U6 and 
Dalmasso and Berge, 1978) has emerged as a high resolut ion 
technique for s ^ a r a t i n g prote in molecules on the bas is of s i ze 
and net charge. Comparative studies of nematode pro te ins by 
polyacrylamide gel electrophoresis have provided information tha t 
has been helpful i n characterizing and elucidat ing re la t ionships 
among nematode species (Hussey, 1979). 
The f i r s t systematic biochemical study with Meloidogyne 
species was conducted by Dickson et a l . (1970) who compared 
p ro te ins of adult females using polyacrylamide gel electrophore-
s i s , A unique non-enzymatic protein p r o f i l e was reported for 
females of the most common Meloidogyne species (M, incognita , 
^» hsiPla. M, arenar ia and M. javanica) . Two regions of the 
p ro te in p rof i l e s were considered to have taxonomic value. One 
region of the p r o f i l e was considered genus spec i f i c , and another 
region contained in te r spec i f i c differences. Furthermore, 
Meloidogyne populations of the world had very s imi la r pro te in 
p r o f i l e s (Dickson et a l . , 1970). Trudgil l and Pa r ro t t (1972) 
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and Stone and Williams (1974) used polyacrylamide gel 
electrophoresis to distinguish H. avenae. G. pallida and some 
American species of Globodera, It has been shovm that there 
is much protein sharing between species and genera of nema-
todes, and that the method can detect differences between 
different isolates of a single parthenogenetic species (Evans, 
1971). Ctomparison of soluble protein analysis of four nematode 
genera including H. glycines had no significant effect on 
protein profiles (Dickson et al., 1970). 
Electrophoretic analysis of enzyme 
The use of enzyme phenotypes for the identification of 
species and for elucidation of the taxonomic and phylogenetic 
relationships among organisms has become quite popular during 
the last two decades (Dickson et al., 1971; Markert, 1975a,b 
and Taylor and Muller, 1979). Earlier studies Indicated that 
peculiar phenotypes of some enzymes were characteristic 
markers of certain species or certain populations within a 
species. Since then about 30 enzymes have been detected in 
various Eeloidogyne populations but only a few of them have 
been investigated extensively and assessed for their usefulness 
as taxonomic characters (Dickson et al., 1971; Hussey et al., 
1972; Berge and Dalmasso, 1975; Dalmasso and Berge, 1978; 
Janati et al., 1982 and Esbenshade and Triantaphyllou, 1985). 
These studies were undertaken in collaboration with the 
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In te rna t iona l Meloidogyne Project in an effort to determine 
t he p r a c t i c a b i l i t y and r e l i a b i l i t y of the use of enzyme pheno-
types in the iden t i f i ca t ion of root-knot nematodes on a world 
wide basis (Esbenshade and Triantaphyllou, 1985). I t i s 
believed tha t with the standardization of the e lec t rophore t ic 
procedures (protein extract ion, electrophoresis and s t a in ing ) , 
enzyme phenotypes can provide a number of advantageous and 
object ive characters for the iden t i f i ca t ion of ce r ta in species 
o r b iological forms of root-knot nematodes and for taxonomic 
charac ter iza t ion of new forms. 
The sensiti \ ' - i ty of oolyacrylamide gel e lectrophoresis 
was grea t ly enhanced when cer ta in enzymes were v isua l ized in the 
ge ls through speci f ic s ta ining techniques (Shaw and Doen, I968 
and Shaw and Prasad, 1970). Many enzymes are known to ex is t in 
mul t ip le molecular fonns which di f fer in e lect rophoret ic mobili ty. 
I f they share a common subs t ra te , they are ca l led isozymes. In 
con t ras t , alloenzymes are the products of a s ingle genet ic locus . 
Dickson et a l . (1971) suggested t h a t e lec t rophore t ic 
analysis of enzymes had a great po t en t i a l in the iden t i f i ca t ion 
of Meloldo^gyne species . SubseqLiently, Da3jaasso and Berge (197B) 
used microelectrophoresis to separate enzymes and non-enzymatic 
p ro te ins from a s ingle female specimen. Lactate dehydrogenase 
as well as acid and a lka l ine phosphatases were found to be 
s imi l a r for 11 geographic i so l a t e s of Meloidogyne species . How-
ever, e lec t rophoret ic pa t te rns of o<:^-glycerophosphate dehydro-
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genase, malate dehydrogenase, glucose-6-phosphate dehydro-
genase and non-specific es terase varied among the four species, 
Glucose-6-phosphate dehydrogenase was monomorphic but differed 
in e lec t rophoret ic mobility among M, incognita. M, hapla and 
M. javanica. but t h i s a c t i v i t y was not detected in Mj_ arenaria 
(Esbenshade and Triantaphyllou, 1985). The th ree o ther charac-
t e r i z i n g enzymes differed in e i ther band number, band mobility 
o r both among the four species with the exception of malate 
dehydrogenase which was found s imi lar in both the M, incognita 
and M. .javanica species (Esbenshade and Triantaphyllou, 1985). 
Difference were not detected in enzyme pa t t e rn from two cytolo-
g i c a l races of M. hapla, one having a reduced chromosome number of 
15,16 and 17 and o ther with a somatic chromosome number of 45. 
The r e su l t s obtained from t h i s study were used to compute a phylo-
genet ic c l a s s i f i ca t ion of these four Meloidogyne species based on 
the number of nonmatching enzyme bands. M, hap l a had the grea tes t 
number of nonmatching bands and was considered the most pr imi-
t i v e spec ies . Certain cytological s tud ies led to the speculation 
about phylogeny within the genus Heterodera. and some parthenoge-
n e t i c species which are anem)loid or t r i p l o i d var ian t s of e x i s t -
ing diploid amphimietic species , ( e .g . H. sacchari and 
H. leucilyma) seen to be polyploids derived from H. oryzae 
(Triantaphyllou, 1970). Studies of the r e l a t i v e content of DNA 
in nuclei of some of the Heteroderidae shows t h a t those species 
with chromosome numbers equivaloit to 3 a re t r i p l o i d , and tha t 
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increased chromosome niimbers have not resul ted through 
chromosome fragmentation or other chromosomal rearrangement 
(Lapp and Triantaphyllou, 1969). 
Dickson et a l . (1971) and Hussey et a l . (1972) 
supported the e a r l i e r work on pro te in p ro f i l e s on Meloidogyne 
spec ies . The most s t r ik ing differences between M. incognita 
and M. arenaria were in the es te rase , malate dehydrogenase are 
and oC-glycerophosphate dehydrogenase p a t t e r n s . Although . 
differences also appeared in the non-enzymatic pro te in p r o f i l e s , 
but these were not as diagnostic as the enzymB p a t t e r n s . 
Similar p ro f i l e s of pro te ins and enzymes were obtained for two 
populations of each species , evai though these populations 
exis ted in widely SQjarated geographical regions of the world 
and also had s l i gh t l y d i f f e r e i t host ranges. 
The influence of host p lan ts on the enzyme pa t t e rn of 
Meloidogjyne incognita has been detected in case of peroxidase 
and oC-glycerophosphate dehydrogenase (Hussey et a l . , 1972 and 
Hussey and Sasser, 1973). Ishibashi (1970) and Dickson et a l . 
(1971) also reported var ia t ion in pro te in and. oizyme pa t t e rns 
of Meloidogyne species affected by host p lan t s and growing condi-
t i ons of the hos t . I t i s believed tha t probably the host p lan t 
influences only ce r t a in enzymes since pa t te rns of several o ther 
enzymes including es terases remained unal tered by varying thp 
hos t . 
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The esterases were polymorphic and shown to be the 
products of mult iple genetic l o c i . The types of e s te rase 
d i f ferent ia ted by t h e i r a c t i v i t y toward oC~naphthylacetate 
were i do i t i f i ed in Meloidogyne females. Strongly s ta ined 
es terases were designated as j3 esterases and weakly s ta ined 
ones were called b es te rases . The ^3esterase pa t t e rns were 
the most r e l i ab l e for identifying the common Meloidogyne 
species . Three yS esterases were ident i f ied in M. .javanica 
and M. arenaria and one in M, hapla and M„ incognita . 
Janat i _et a l . (1981) have extensively studied the 
es terase pa t te rns in 75 Meloidogyne populat ions. The 
y3 es terases were species specif ic and t h i s finding supported the 
e a r l i e r reports (Dalmasso and Berge, 1978). 
Taxonomy based on serology 
The pro te in const i tuQits of two organisms can also be 
compared sero logica l ly . Because of the r e l a t i v e spec i f i c i ty 
of the antigen-antibody react ion serologica l techniques are 
regarded as very r e l i a b l e in determining homologies among p ro-
t e i n s found in d i f ferent species . These teclaiiques have been 
enqployed to determine s i m i l a r i t i e s and differences among 
nenatode antigens (Hussey, 1979). Mobbott (1968) suggested t h a t 
serological techniques could be useful to separate the two 
s t r a i n s of H, rostochiensis (G. rostochiensis pathotype A and 
G. pa l l i da pathotype B). Scott and Riggs (1971) demonstrated 
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the serological similarities of two races of H. glycines, and 
the serological unrelatedness of this species with H. betulae. 
However, serology failed to demonstrate great diffe-
rences in antigens between adult females of M. incognita and 
M, arenaria (Hussey, 1972). On the basis of band position and 
coalescence double diffusion tests showed that one immunopre-
cipitate band was unique for M, incognita., whereas other eight 
bands were common to both species. The large number of common 
precipitin bands obtained with double diffusion tests indicated 
a close serological relationship between the two Meloidogyne 
species. Serological results provided evidence that M. .javanica 
is more closely related to M, incognita and M, arenaria to 
M. hapla on evolutionary scale (Hussey, 1979). Serological 
differences were best obtained with purified nematode proteins 
(e.g. cuticle or muscle proteins). A large number of precipitin 
bands developed \ihen antigens of M. incognita and M. arenaria 
were conpared by immuno-disc electrophoresis rather than by 
double diffusion tests (Hussey _et al., 1972). 
Misaghi and McClure (1974) examined the serological 
relationships of three Meloidogvne species using antigens from 
second stage of .juveniles and eggs. Although a number of pre-
cipitin bands were common to all species, .juveniles and eggs 
of M. incognita possessed one specific antigens not presait in 
M. .javanica or M. arenaria. Two precipitin bands were also 
unique to M, .javanica. Baron (1975) also reported a st^ rong 
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se ro log ica l re la t ionship for second stage .juveniles of 
M. .javanica, M. incognita and M. arenar ia from West Africa. 
The usefulness of serology in dis t inguishing popula-
t i ons o r races of nematode species i s s t i l l uncertain. In 
t e s t populations of M. incognita from Taiwan and Peru, nine 
d i s t i n c t p r e c i p i t i n bands formed, however, a l l p r e c i p i t i n 
bands coalesced, indicat ing tha t these two populations were 
sero logica l ly s imi lar (Hussey, 1972). 
Taxonomy based on genetic parameters 
The diagnostic morphological characters of some nematode 
groiQJs are e i the r obscure or vrtiere present may display ontoge-
n e t i c and/or environmental var ia t ion with a consequent reduction 
in t h e i r diagnost ic value. This lack of r e l i a b l e moiphological 
c r i t e r i a has led many taxonomists to inves t iga te a l t e rna t ive 
methods for nematode diagnosis . Biochemical charac ter iza t ion of 
p r o t e i n s , l i p id s and carbohydrates in p a r t i c u l a r species i s a 
commonly advocated technique. However, the p a r t i c u l a r p ro te in , 
l i p i d and carbohydrate e3q)r€ssed i s frequently influenced by 
ontogenetic o r aivironmental fac tors and heaice the tecimique becomes 
r e l a t i v e l y unre l iab le (Hussay, 1979). Similar problCTis of pheno-
typ ic var ia t ion are encountered using the serologica l technique 
with the addi t ional d i f f i cu l ty tha t cross r e a c t i v i t y may occur 
between different antibodies and antigens (Hussey, 1979). 
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The taxionomic problems associated with phenotypic 
var ia t ions can be avoided i f the nematode genome i s character-
ized d i r e c t l y . Recent advances in DNA technology have per-
mitted the rapid and r e l i ab le character iza t ion of the genome 
using r e s t r i c t i o n endonucleases thus providing a new too l for 
the iden t i f i ca t ion of the nematode species , subspecies and 
s t r a i n s . Digestion of genomic DNA with r e s t r i c t i o n enzyme 
depends upon the base sequence of the genome. The s ize d i s t r i -
bution of these r e s t r i c t i o n fragments i s unique to the genotype 
and can be analysed by agarose gel e lec t rophores is . This approach 
of iden t i f i ca t ion i s r e l a t ive ly recent and only a l i t t l e work has 
been done on these l i n e s . Curran et a3., (1985) studied the 
differences in the r e s t r i c t i o n fragments between species within 
the genera Tr ich ine l la . Caenorhabditis. Romanomermis. Steinem^na 
(Syn. Neoaplectana) and Meloidogyne. 
Two methods are avai lable to se l ec t and v i sua l ize 
r e s t r i c t i o n fragments between the genotypes. F i r s t approach i s 
the examination of the s i ze d i s t r i b u t i o n of r e s t r i c t i o n fragments 
in ethidium bromide stained agarose g e l s . Dis t inc t bands repre-
sent ing the mult iple copies of r e p e t i t i v e DNA sequences ( e .g . 
ribosomal, histone genes) may be present and the r e s t r i c t i o n 
fragment length differences (RFLDs) between such bands can be 
used as a diagnostic parameter. 
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RFLDs in a s ingle copy of gene can not be v i sua l ized 
by t h i s method because of the low DNA concentration present in 
a s ingle copy of sequence. Hence, the second approach involves 
hybridizat ion of radioisotope label led cloned DNA probes to 
genomic diges ts and v i sua l iza t ion of the hybrid DNA by auto-
radiography (Rose et a l , , 1982 and Curran et a l . , 1985). 
Curran _et a l . (1986) also demonstrated tha t d i rec t analysis of 
genotype by detect ion of PlFLDs in t o t a l DNA enables rapid 
d i f f e r en t i a t i on of four Meloidogyne species and t h e i r races . 
However, before RFLDs can be considered teixonomically useful , 
the nature and extent of var ia t ion in repe ta t ive DNA within a 
p a r t i c u l a r species and race must be determined. Hence, 
quant i ta t ive t e s t of t o t a l DNA from many population i s required 
even p r i o r t o the RFLD analys is . 
MATERIALS AND METHODS 
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Most of the chemical used in the present study were 
obtained from various sources as showi below against t h e i r 
names. Other chemicals used were of ana ly t i ca l grade. 
Chemicals Sources 
Acetone 
Acrylamide 
Agarose 
Ammonium persulfate 
Bovine serum albumin 
Bromophenol blue 
Catalase 
Chloroform 
Coomassie brilliant blue 
Glaxo Laboratories, India. 
Sigma Chemical Co., U.S.A. 
Sigma Chemical Co., U.S.A. 
May & Baker Ltd., England. 
Sigma Chemical Co., U.S.A. 
B.D.H., England. 
Sigma Chemical Co., U.S.A. 
Glaxo Laboratories, India, 
Sigma Cheaiical Co., U.S.A. 
G-250 
Coomassie b r i l l i a n t blue 
R-250 
Cysteine hydrochloride 
DNase free RNase 
Es te rase 
Ethylene diamine te t ra -
a c e t a t e 
Fast Blue RR 
Sigma Chemical Co., U.S.A. 
Centron Research Laboratories, 
India. 
Sigma Chemical Co., U.S.A. 
Sigma Chemical Co., U.S.A. 
B.D.H., India. 
Sigma Chenical Co., U.S.A. 
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Chemicals Sources 
Ferr ic chloride 
Folin-Phenol reagent 
Hydrogen peroxide 
Isoamyl alcohol 
jB^Mercapto ethano 1 
N-N•-Methylene bisacrylamide 
oC— Naphthylacetate 
Nicotinamide adenine 
diphosphate 
Nitroblue tetrazolium 
Orthophospheric acid 
Phenazine methosulfate 
Potassium ferr icyanide 
Potassixom phosphate 
Pyronin Y 
Riboflavin 
Sodium ace ta te 
Sodium arsenate 
Sodium lauryl su l fa te 
Sucrose 
Superoxide dismutase 
N,N,N•,N•-Tetramethyl-
ethylene diamine 
Tris(hydroxymethyl) amino 
methane 
Sarabhai M. Chemicals, India. 
Sigma Chemical Co., U.S.A. 
E. Merck, India. 
Glaxo Laboratories, India, 
Sigma Chenical Co., U.S.A. 
B.D.H., India. 
Sigma Chemical Co., U.S.A. 
Sigma Chemical Co«, U.S.A. 
Sigma Chemical Co., U.S.A. 
B.D.H,, India. 
Sigma Chemical Co., U.S.A. 
GlaxD Lalooratories, India . 
Glaxo Lalx)ratories, India. 
Sigma ChoBical Co., U.S.A. 
Sigma Ch<3iiical Co., U.S.A. 
Sarabhai M. Chemicals, India. 
B.D.H., India . 
Sigma Chemical Co., U.S.A. 
B.D.H., ]jidia. 
Sigma Chemical Co., India. 
B,D,H., India. 
Sigma Chemical Co., U.S.A. 
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Extraction Procedure 
About hundred nematodes from each specimen were 
macerated in 0.05 ml extraction buffer (0.1M Tris-HCl buffer, 
pH 8 .0 , 17% sucrose, 0.1% ascorbic acid and 0.1% cysteine 
hydrochloride) in micro extract ion tubes by ro ta t ion of the 
p e s t l e against the bottom and sides of the ext rac t ion tube. 
The homogenates so obtained were microfuged for 8 min. The 
supernatant was used to study the pa t t e rn of pro te in and 
enzymes. These samples were s tored a t 5 C u n t i l electrophore-
o 
s i s was carr ied out . Maceration was performed a t 0-5 C for 
enzymatic s tud ies . 
Methods of prote in estimation 
Following methods were en^loyed for t he estimation of 
p r o t e i n s . Bovine serum albumin was used as standard for the 
prepara t ion of calibii*ation curve. 
A, Method of Lowry et a l . (1951) 
The al iquots of prote in solut ions were d i lu ted to 1,0 ml 
with d i s t i l l e d water. To these was added 5.0 ml of freshly 
prepared copper reagent (prepared by mixing one p a r t of 0.5% w/v 
copper su l fa te in 1% sodium potassium t a r t a r a t e and 50 pa r t s of 
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2% w/v sodium carbonate in 0.1N sodium hydroxide). After 
incubation at room temperature for 10 min, 0.5 ml of 1N 
Folin-phenol reagent was added and the tubes were i n s t an t ly 
vortexed. Absorbance of the developed blue colour was 
measured a f te r 30 min at 660 nm against a reagent blank using 
Bausch and Lomb Spectronic 20 spectrophotometer. 
B. Coomassie b r i l l i a n t blue binding method 
The protein-dye binding method described by Bradford 
(1976) was essen t ia l ly followed. The dye reagent was prepared 
by dissolving 100 mg coomassie b r i l l i a n t blue G-250 in 50 ml 
of 95% ethyl alcohol . 100 ml of orthophosphoric acid 85% (w/v) 
was added to t h i s solut ion and mixed thoroughly. The r e su l t -
ing red coloured solut ion was f ina l ly di luted upto one l i t r e 
with d i s t i l l e d water and f i l t e r e d through Whatman No. 1 
f i l t e r paper before use. 
Protein solut ions of appropriate d i lu t ions were placed 
in t e s t tubes and adjusted to a f ina l volume of 0.1 ml with 
s u i t a b l e buffer. 5.0 ml of the dye reagai t was added and the 
consents were mixed thoroughly. The absorbance was measured 
a f t e r 5 min a t 595 nm against a su i t ab le blank which was p re -
pared by mixing 0.1 ml of the appropriate buffer and 5.0 ml of 
dye reagent. 
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SDS Polyacrylamide gel electrophoresis 
To study the protein profile of nenatode, electro-
phoresis was performed according to the procedure of Fairbanks 
et al, (1971) with slight modification. Gel polymerization 
was done following the alternative procedure of Davis (1964). 
A gradient of gel was prepared using 3% and 15% concentrated 
stock solutions with the help of an Autogradient Perista Pump 
and poured into the space between the two glass plates separa-
ted by 1,5 mm thick spacers, A comb, providing a template for 
10 sample wells was inserted into the gel solution before 
polymerization began and it was left overnight. After complete 
polymerization had taken place, the comb was removed from the 
gel. The samples were mixed with dye solution in a ratio of 
5:1 (v/v) and heated in a boiling water bath for about 3 min. 
The wells were filled with 50 ul of the samples and electro-
phoresis was performed at a constant current of 80-100 volts 
for 5 hrs. The gel was renoved from the electrophoretic 
apparatus as the pyronin Y (tracking dye) bands reached the 
bottom of the gel. 
The slab gel was placed in petri plates and stained 
for protein with coomassie brilliant blue R-250 (Fairbanks 
et al,, 1971), The gel was suspended in a solution of 0,025-
0,05% coomassie blue in 25% isopropyl alcohol and 10% acetic 
acid overnight, Destaining of the gel was done with acetic 
acid and methanol (10% and 5%, respectively). 
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Polyacrylamlde gel electrophoresis 
The overall approach was that of Laemmli (1970). 
Polyacrylamlde gels were prepared and the top of the gels were 
overlaid with about 0,5 ml of electrophoresis buffer consist-
ing of tris-glycine, pH 8.8. The gels were left to stand for 
at least 12 hrs and the samples were applied on the top of the 
gels. Electrophoresis was performed with a constant current 
of 3 mA/tube and 60 volts/slab in cold condition. The gels tubes 
were removed from the electrophoretic apparatus when the bromo-
phenol tracking dye bands reached a mark 75 mm i^ rom the origin. 
The position of the tracking dye was marked in each gel by 
pricking it with a needle dipped in drafting ink. The gels were 
then fixed and stained as described for the enzyme staining 
procedure. The gels were washed with tap water to reaove the 
staining solution and was stored in 7% acetic acid solution. 
The enzyme phenotypes of the nematodes under study were recorded 
and compared with controls in the gel. 
Detection of certain enzymes by staining method 
Catalase 
Catalase was stained according to the method of Harris 
and Hopkinson (1976). The gel was placed on ice for 10 min and 
thoi 0,01% hydrogen peroxide solution was poured over to cover 
the gel thoroughly. After 20-30 min the gel was washed two 
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times with distilled water and stained in a solution contain-
ing 0.5% potassixom ferricyanide and 0.5% ferric chloride for 
2-4 min. The gel was rinsed with tap water and stored in 7% 
acetic acid. Catalase activity was identified as clear areas 
on the blue-green background of the gel. 
Esterase 
Ident i f ica t ion of es terase was performed by the method 
of Harris and Hopkinson (1976). The stain;Lng solut ion consis-
ted of 100 ml 1M potassium phosphate buffer, pH 7 .2 , 0.03% EDTA, 
0.04% fas t blue RR s a l t and 0.04% -nap thy lace t a t e (40 mg 
dissolved in 2 ml acetone). The gels were covered with t h i s 
so lu t ion and incubated at 37 C for approximately 2 h r s . 
Subsequently they were rinsed with water and s tored in 7% ace t ic 
ac id . Esterase ac t iv i ty was iden t i f i ed as dark brown bands in 
a c l ea r ge ls , 
Glyceraldehyde-3-phosphate dehydrogenase 
Glyceraldehyde-3-phosphate dehydrogenase was s ta ined 
according to the modified method of Williams (1964), Substrate 
was prepared by mixing 545 mg Na^ f rus tose 1,6 diphosphate, 
0.6 ml (100 uni t s ) a ldolase, 4 ml of 0.5M Tris-HCl, pH 7.1 and 
6 ml d i s t i l l e d water and f ina l ly incubated a t for 30 min. 
The gels were removed from the tubes and s ta ined. Staining 
solut ion contained 20 ml 0.5M Tris-HCl, pH 7 . 1 , 70 ml water, 
10 ml substrate solut ion, 50 mg nicotinamide adenine dinucleo-
t i d e , 30 mg ni t roblue tetrazol ium, 150 mg sodium a r s ina t e and 
2 mg phoiazene methosulfate. The g e l s were incubated a t 37 C 
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for 2 hrs, washed with distilled water and destained with 7% 
acetic acid. 
Superoxide dlsmutase 
Superoxide dismutase activity was determined as 
described by Ravindranath and Fridovich (1975). Staining 
solution contained 0.6g Tris-HCl, pH 8,2, 7.5 mg sodium EDTA, 
4 mg riboflavin and 10 mg nitroblue tetrazolium in 100 ml 
distilled water. Nematode homogenate of different species 
was prepared in 0.5M Tris-HCl buffer, pH 8.2. To 0,1 ml of 
homogenate, staining solution was added in order to make a 
total volume of 1 ml. Tubes containing the reaction mixture 
were incubated at 37°C in dark for 10 min. The tubes were then 
e35)osed to visible light for 30 min. The colour changed was 
then read at 660 nm against a reagent blank. Parallel control 
was also run under similar conditions. 
Isolation of genomic DNA 
According to the method of Curran et al,, (1986) nematodes 
(100 mg wet weight) were collected, washed 5 times with double 
distilled water and were pelleted in a microcentrifuge. The 
pellet was digested in 0,5 ml of a 2 mg/ml buffer solution of pro-
teinase K (0.1M Tris, pH 6.5, 0,05M EDTA, 0.2M NaCl and 1% sodium 
dodecyl sulphate) for 15 min at room temperature. This was then 
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incubated at 65°C for 30-60 min with occasional gent le inver-
sion of the 1.5 ml microcentrifuge tube . The resu l tan t v i s -
cous solut ion was extracted 3 times with an equal volume of 
r e d i s t i l l e d phenol saturated with 0.01M Tris buffer, pH 8.0, 
containing 0.001M EDTA, and once with an equal volume of 
chloroform: isoamylalcohol (24:1) . After each extract ion the 
mixture was gently shaken by inver t ing the tubes for 15-30 min, 
spun for 5 seconds in a microcentrifuge and the aqueous layer 
containing DNA transferred to a clean eppendorf tube. The DNA 
was prec ip i ta ted from the aqueous so lu t ion by adding sodium 
ace t a t e to a concentration of 0.2M followed by the addition of 
2 .5 volume of 95% ethanol a t — 20°C for 30 to 24 h r s . The 
p r ec ip i t a t ed DNA was spun for 15 min in a microcentrifuge. The 
r e su l t an t p e l l e t was a i r dried and resuspended in 50-100 ml 
of TE (0.01M Tris and 0.001M EDTA, pH 8.0) buffer . RNA was 
renoved by incubating the sample in presence of DNase-free 
RNase (2 mg/ml) a t room temperature for 30 min. The solution 
was then extracted with an equal volume of chloroform: isoamyl-
alcohol (24:1) and the DNA was p rec ip i t a t ed and resuspended 
as described e a r l i e r . The DNA was su f f i c i en t ly pure a t t h i s 
s tage end i t could b€ digested with r e s t r i c t i o n endonucleases. 
Hence, t h i s procedure avoidsthe need fo r fur ther pur i f i ca t ion 
of the DNA by e i ther prolonged high speed centr i fugat ion or 
the use of caseium chloride gradient . 
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Restriction endonuclease digestion 
Samples containing 5 Jdg of genomic DNA were digested 
with 10 units of EcoRI in restriction buffer (0.1M Tris-HCl, 
pH 7.2 containing 5mM magnesium chloride, 50nM sodium 
chloride and 2mM 2Hoercaptoethanol) by incubating at 37°C for 
1 hr, and heated to 65^C for 10 min to stop the reaction. 
Agarose gel electrophoresis 
Agarose gel electrophoresis was performed to study the 
relative mobility of the DNA samples isolated from different 
nematode species. A horizontal slab gel electrophoresis system 
was employed. Agarose (0,7%, w/v) was melted in electrophore-
sis buffer, and poured into the gel box and left to harden at 
room temperature. The combs forming the wells vere removed 
and the gel surface was flooded electrophoresis buffer and 
the samples along with glycerol-dye mixture (50% glycerol, 
0.5% bromophenol blue in 5 X electrophoresis buffer) were 
applied on the slots and run at 10 mA for 6 to 7 hrs. The DNA 
bands were stained with ethidium bromide and fluorescent 
profile was photographed by UV illumination through fotodyne 
UV-300 transilluminator. 
RESULTS 
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1. Estimation of t o t a l prote in contents in Individual 
Meloidogyne species . 
The t o t a l prote in content in the t e s t n ^ a t o d e s 
estimated by the methods of Lowry _et a l , (1951) and Bradford 
(1976) i s given in Table 1. Under iden t ica l e:?)erimental con-
d i t i o n s , the amount of t o t a l pro te in in M. .javanica was found 
to be r e l a t i v e l y high as compared to other nematode species . 
S imi lar ly the prote in content in s ingle female nematodes was 
also found to be s igni f icant ly high as compared to t h e i r 
respect ive eggmasses. 
2, SDS-Polvacrylamide ge l electrophoresis of the p ro te ins 
i so la ted from Meloidogyne species . 
The p ro te in extracted from the t e s t nematodes were 
allowed to run on 3-15% gradient SDS-polyacrylamide gel e lect ro-
phores i s . The method of Fairbank et a l . (1971) was e s sen t i a l ly 
followed for e lectrophoresis of protein samples. Figs . 1 and 2 
show the e lect rophoret ic pa t te rns of m a ^ r protein bands from 
the same and dif ferent h o s t s . Although 31 prote in bands were 
v i s i b l e in the s ta ined ge l s , only 16 to 23 protein bands were 
recorded photographically for M. incognita and M, .javanica. 
respec t ive ly . Out of these 10 to 15 bands were shown to bind 
very strongly with coomassie b r i l l i a n t blue as indicated by the 
i n t e n s i t i e s on the electrophoretogram. Ten to 12 bands were 
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Table - 1 
Estimation of protein in d i f ferent species of Nematodes 
by Lowry et a l . (1951) and Bardford (1976) Method. 
S.No. Nematode species Prote in conc/nematode 
1. Meloidogyne .javanica (100 female) 2.05/ig 
2 . Meloidogyne .lavanica (100 eggmass) 1.53 ;tig 
3 . Meloidogyne incognita (100 fenale) 1.8;ug 
4. Meloidogyne incognita (100 eggmass) 1.29/ig 
Fig , 1 Electrophoretic pa t te rns of p ro te ins 
from the extracts of Meloidogyne 
species (Brlnjal) 
Protein samples from nematodes were 
resolved by SDS-PAGE as described in 
methods. Marker pro te ins were also 
electrophoresed under i den t i c a l condi-
t i ons , 
A. Protein pa t te rn of M, .javanica 
B, Protein pa t te rn of M. incognita 
n A B 
fit >^^t1 
Fig . 2 Disc~ electrophoret ic p r o f i l e of pro te ins 
of two Meloidogyne species from di f ferent 
hos ts . 
Polyacrylamide gel e lectrophoresis of 
prote ins samples was carr ied out with 0,1% 
I SDS as given in the methods, 
^* h* javanica (f) from Tomato 
B. M. incognita (f) from Brin^al 
C. M. .javanica (f) from Okra 
D. M, incognita (f) from Makoi 
B C _^D 
fr 
W I •»! 
4 
M 
1^  
I 
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found to be common in the both species . The R^  values of the 
respect ive bands are given in Tables 2 and 3 . A comparable 
change in the e lectrophoret ic pa t te rn was observed in case of 
t h e proteins derived from M. incognita and M. .lavanica from 
the same host . Moreover, the IL. values of the cha rac t e r i s t i c 
bands were also found to be s ignif icant ly changed. Similar ly , 
a renaritable difference in r e l a t i v e mobility of the charac-
t e r i s t i c prote in bands was observed in M. incognita and M. .iavanic 
from different h o s t s . 
Protein pa t t e rns of Meloidogyne species were highly 
reproducible. S l ight va r ia t ions in overal l e lectrophoret ic mo-
b i l i t i e s were observed among samples run a t different t imes. 
3 . Polvacrylamide gel electrophoresis of the individual enzymes 
i so la ted from the root-knot nematodes. 
Eiizyme bands in the pro te in preparations were resolved 
by mini-slab electrophoresis as well as by disc-e lect rophores is 
on polyacrylamide gels essoi t iedly following the method of 
Lammeli (1970). The electrophoresed gels were incubated in 
f reshly prepared subs t ra te solutions to detect the locat ions of 
spec i f ic enzymes. Catalase ac t iv i ty in the gel was iaidirectly 
detected. The ge l was stained dark blue due to the react ion of 
potassium ferr icyanide and f e r r i c chlor ide. In contras t the 
area of ge l , where ca ta lase had reacted with hydrogen peroxide, 
remained unstained. Fig, 3 shows the cha rac t e r i s t i c bands 
pa t t e rn of the enzyme, ca ta lase . The r e l a t i v e mobili ty of 
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Table - 2 
Major electrophoretic protein band pattern of Meloidogyne 
species cultured in Brinjal. 
Protein R^  values 
Faint band 0.136 
0.157-0.21 
0.242-0.252 
0.357-0.4 
0.421 
0.463 
0.484-0.526-0.578 
0.610-0.642 
0.736 
0.757 
0.768 
Meloidogyne 
.-Javanica M, 
+ 
++ 
+++ 
+++ 
+ 
-
+++ 
++ 
++ 
-
+ 
species 
, incognita 
+ 
-
+++ 
++ 
-
++ 
+++ 
++ 
++ 
++ 
_ 
Faint band 0.081-0.873 
Faint band 0.905 
Band intensity is indicated by the number of + signs. 
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Table - 3 
Major e lectrophoret ic pro te in band pa t te rns from Meloidogyne species 
(from different h o s t s ) . 
R^ values 
0.105-0.136 
0.157-0.201 
0.242 
0.250 
0.307 
0.317 
0.355-0.4 
0.413 
0.423 
0.484 
0.5-509 
0.528 
0.548 
0.578 
0.605 
0.610-615 
0.625-0.673 
0.692 
0.701 
0.757 
0.810-0.817 
0.846 
0.884 
0.905 
M. javanica 
from Tomato 
++ 
++ 
+++ 
+++ 
-
++ 
++ 
-
+ 
++ 
+ 
++ 
-
+ 
+ 
— 
++ 
-
-
+ 
+ 
+ 
-
^ 
Meloidogyne 
M. incostii ta 
"from Brinjal 
++ 
++ 
++ 
-
++ 
-
++ 
++ 
++ 
++ 
+ 
-
++ 
+ 
-
++ 
+ 
++ 
++ 
-
++ 
+++ 
++ 
+ 
species 
M. .iavanica 
from Okra 
+ 
-
+ 
-
+ 
-
++ 
+ 
++ 
++ 
+ 
-
++ 
+ 
-
++ 
+ 
-
++ 
— 
++ 
H-++ 
++ 
-
M. incognita 
from Makoi 
-
+ 
-
-
-
-
+ 
++ 
-
-
+ 
-
++ 
-
-
++ 
-
++ 
++ 
_ 
+++ 
+++ 
++ 
+ 
Band in tens i ty i s indicated by the number of + signs 
Fig, 3 Catalase activity pattern obtained by 
electrophoretic separation of proteins 
extracted from ad\ilt fgnales and their 
eggmasses. 
Catalase activity was detected on i0> 
polyacrylamide gel following specific 
enzyme- substrate reaction (as described 
in methods). 
A. Control (Highly pur i f i ed conmercial 
preparat ion) 
B. M. incognita (f) 
C» 5i« incognita (eggmass) 
D. M. navanica (eggmass) 
E. M. .iavanlca (f) 
A B C D E 
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catalasG in M. Incognita and M. .javanica (female and eggmasses) 
was also in te rpre ted in terms of d i f ferent R^  values 0.227.0.243, 
0.218 and 0.236 in M, incognita and M. .javanica (female and 
eggmasses) respect ively (Table 4 ) . Fig . 4 shows the e l ec t ro -
phore t ic mobility of es terase enzyme. Esterase showed three 
d i s t i n c t bands a t R» values of 0 .33, 0.36 and 0.46 in case of 
M. .javanica (female) while those of M. incognita (female) were 
0 .28 , 0.33 and 0.45 (Table 5) . However, s igni f icant differences 
were found in the r e l a t i v e mobility of es te rase in Meloidogyne 
spec ies . Glyceraldehyde-3-phosphate dehydrogenase ac t iv i ty was 
detected d i rec t ly in the g e l s . Gels were incubated with the 
subs t ra te and s ta ining so lu t ion , as a r e su l t of enzyme-substrate 
reac t ion strong a c t i v i t y of Glyceraldehyde-3-phosphate dehydro-
genase was observed at the R^ values of 0.333 and 0.341 in 
M. .javanica and M, incognita respect ively (Fig. 5 and Table 6 ) . 
Eggmasses also exhibited the a c t i v i t y of Glyceraldehyde-3-
phosphate dehydrogenase (Table 6 ) . Table 7 shows the a c t i v i t y 
of superoxide dismutase in the t e s t nematode species . A s i g n i -
f i can t decrease in the values of op t i ca l density a t 660nm was 
observed in case of M. .javanica and M. incognita females as 
compared to the op t i ca l density of r iboflavin alone. On the 
bas i s of the op t i ca l density data the enzyme ac t iv i ty and the 
approximate concentration of the enzyme was also determined. I t 
was found to be remarkably high in M. incognita and M. .javanica 
female nematodes as compared to t h e i r eggmasses. 
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Table - 4 
Electrophoret ic pa t te rn for cata lase enzyme in Meloidogyne 
species . 
Meloidogyne species 
R« values of ca ta lase enzyme 
0.218 0.227 0.236 0.243 
M. .javanlca (f) +++ 
M. incognita (f) +++ 
M, .javanlca (eggmass) ++ 
M. incognita (eggmass) ++ 
Band intensity is indicated by the number of + signs. 
Fig. 4 Isozyme profiles of esterase activity in 
the extracts of two Meloidogyne species 
and their eggmasses. 
Bands were developed following electropho-
retic separation on 7% polyacrylamide gels 
and specific enzyme- substrate reaction 
(as given in methods). 
I* A. Control (highly purified commercial 
preparation) 
B, Esterase activity in M. .javanica (f) 
C. Esterase activity in M. incognita (f) 
II. A. Control (highly purified commercial 
preparation) 
B. Esterase activity in M, incognita (eggmass) 
C, Esterase activity in M, .javanica (eggmass) 
B 
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Table - 5 
Elect rophoret ic pa t te rns for es terase isozymes in Meloidogyne 
spec ies . 
R^ values of Esterase isozyme 
Meloidogyne spp. 
0.2 0.28 0.33 0.35 0.36 0.44 0.45 0.46 
M. javanica (f) +++ +++ ++ 
^» javanica (eggmass) ++ 
M. incognita (f) +++ ++ + 
M. incognita (eggmass) ++ 
Band intensity is indicated by the number of + signs. 
Fig, 5 Detection of Glyceraldehyde~3 phosphate 
dehydrogenase activity in two Meloidogyne 
species. 
G3PD activity was detected employing native-
PAGE (containing 6% polyacrylamide) followed 
by enzyme staining procedure. The colour 
reaction was carried out as described in 
methods. 
A. G3PD activity in M. incognita (f) 
B. G3PD activity in M. javanica (f) 
C. G3PD activity in M. incognita (eggaass) 
D. G3PD activity In M. .javanica (eggmass) 
E. Control (highly purified G3PD enzyme) 
A B C D E _ 
I Ml 
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Table - 6 
Elect rophoret ic pa t t e rns for Glyceraldehycie-3-phosphate dehydro-
genase in Meloidogyne species . 
Meloidogyne spp. 
R„ values of GJPD enzyme 
0.320 0.326 0.333 0.341 
M, .javanlca (f) +++ 
M. incognita (f) +++ 
M. .javanica (eggmass) +++ 
M. incognita (eggmass) +++ 
Band in t ens i t y i s indicated by the number of + s igns . 
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Table - 7 
Spectrophotometric determination of superoxide dismutase a c t i v i t y 
in Meloidogyne species . 
s. 
No. 
1. 
2. 
3 . 
4. 
5 . 
6. 
7. 
Nonatode species 
Riboflavin 
Riboflavin + SOD 
Riboflavin + SOD 
M, .iavanica 
(50 females) 
M, incogni ta 
(50 females) 
M. .iavanica 
(50 eggmass) 
M, incognita 
150 eggmass) 
Optical 
draisity 
at 650 nm 
2.34 
1.512 
0.686 
1.34 
1.39 
2.0 
2.23 
Enzyme 
a c t i v i t y 
uni t s 
-
1650 
3295 
1994 
1897 
680 
223 
Concentration 
(mg) 
-
0.5 
1.0 
0.6 
0.57 
0.20 
0.067 
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4, Res t r ic t ion fragment length analysis of the DNA i so la t ed 
from Meloidogyne species and t h e i r eggmasses. 
The chromosomal DNA iso la ted from the two Meloidogyne 
species and t h e i r eggmasses was digested with the r e s t r i c t i o n 
enzyme EcoRI, After the complete digest ion of EcoRI several 
d i s t i n c t hands were visual ized for M. incognita and M, .lavanica 
(female and eggmasses) within t he smear of DNA in ethidium-
bromide stained agarose gel (Fig. 6 ) , Differaices were detec-
ted in the r e s t r i c t i o n fragment lengths (RFLs) of the highly-
r e p e t i t i v e I^A bands in Meloidogyne species and t h e i r eggmasses. 
The intense bands over the same background were not so d i s t i n c t 
in the photograph. Therefore, a l i n e drawing diagram was p r e -
pared d i r e c t l y from the gel(Fig. 7 ) . The number of these bands 
var ied with each population and r ^ r e s e n t mult iple copies of 
r e p e t i t i v e DNA. Four bands were observed with M. .lavanica DNA 
as compared to M, incognita in which only two bands were noticed. 
I t was also observed tha t the number of v i s i b l e bands varied in 
case of whole nematode lysa te of t h e i r eggmasses and females. 
In fact these r e p e t i t i v e DNA bands have r e s t r i c t i o n fragments 
length unique to each Meloidogyne population. There were two 
common bands in case of eggmasses of M, .javanica and 
M. incognita corresponding to molecular weights around 20 and 
2.3 kilobases but the re was an extra band corresponding to 
23 kilobase in case of M, .javanica eggmass DNA which might 
be due to the species speci f ic var ia t ion between the two 
Fig. 6 Agarose gel separation of tvtfo Meloldogyne 
species and t h e i r eggmasses, 
A. EcoRI cut M. incognita (eggmass) 
B. M, incognita (eggmass) 
C. EcoRl cut M. .javanica (eggmass) 
D. M. javanica (eggmass) 
E. EcoRl cut M. incognita (f) 
F. M. Incognita (f) 
G. EcoRl cut M. javanica (f) 
H. M. javanica (f) 
I . EcoRl cutADNA 
J . X DNA 
A B C D E F G H I J 
Fig. 7 Line drawing; diagram indicating the size 
distribution of ma.jor repetitive DNA bands 
traced directly from the agarose gel, 
A. EcoRI cut M. incognita (eggmass) 
B. M. incognita (eggmass) 
C. EcoRI cut M. .javanica (eggnass) 
D. M, .-javanica (eggmass) 
E. EcoRI cut M. Incognita (f) 
F. M. incognita (f) 
G. EcoRI cut M. .javanica (f) 
H. M, .javanica (f) 
I . EcoRI cut XDNA 
J, XDNA 
Kb A B C D E F G H I Kb 
2 0 * 
10* 
8-0 
6-5 
>ii8 
- ^ 2 1 - 7 
,^ 7.5 
»5.9 
- ^ 55 
- ^ 4 . 9 
3.5^ 
3.0-e 
2.5« 
22'/^ 
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species . However, fenale of the t e s t Meloidogyne species 
displayed a quite different RFLD (Fig. 7 ) . There were four 
in tense bands corresponding to molecular weights 23, 10, 6.5 
and 3.5 kilo-bases in case of M, .javanica whereas the 
^' incognita exhibited only two bands of around 8 and 3 kilo-
bases. 
DISCUSSION 
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SDS-polyacrylamide gel electrophoresis has variously 
been used to help characterize and ident i fy nematode popula-
t i o n s . Different protein prof i les were obtained for d i f f e -
ren t species of Meloidogyne genus. As i s evident from the 
Tables 2 and 3 the SDS-PAGE system resolved 16 to 23 prote in 
bands in M. .javanica and M, incognita females. The number 
and s ta in ing in tens i ty of bands as well as e lec t rophoret ic 
mobil i ty of pro te ins were quite di f ferent to d is t inguish two 
spec ie s . Certain common bands, suggest very close r e l a t i o n -
ship among the species , Dickson et a l , (1970) found 21 
p ro te in bands in the commonly occurring four Meloidogyne 
spec ies . Our data i s very close to those obtained by previous 
workers in d i f ferent p a r t s of the worJ^ (Evans, 1971; Hussey 
e t a l . . 1972 and Dalmasso and Berge, 1978), A reaarkable 
difference in r e l a t i ve mobility of the c h a r a c t e r i s t i c protein 
bands was observed in M, Incognita and M, .-javanica from d i f fe -
ren t hos t s . The var ia t ion in the e lect rophoret ic pa t t e rn of 
p ro te ins could be due to the hosts speci f ic responses (Hussey, 
1979). 
Hussey and Krusberg (1971) found two ca ta lase i s o -
enzymes in D. dipsaci and used s tarch- iodine t e s t for the 
detec t ion of ca ta lase ac t i v i t y . Two ca ta lase isoenzyme possesses 
strong peroxidat ic ac t iv i ty have also been reported by the 
Hussey et a l . (1972). In our ejqserimental condition only one 
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ca ta l a se band was found among the two Meloidogyne species 
(Fig. 3 ) . The percept ib le change in the in tens i ty of bands 
revealed tha t the species a t the two developmental stages are 
qui te d i f ferent . This may be accountable to the d i f f e ro i t 
s ta in ing solution use in our study from those used by Hussey 
and Krusberg (1971) and Hussey et a l . . (1972). The occurrences, 
however, of ca ta lase isoenzymes in nematode possibly indicates 
t h a t t h i s enzyme may only be important in metabolism of the 
nematodes (Hussey and Krusberg, 1971). 
The es terase p ro f i l e in fenales of M. .javanica and 
M» incognita had th ree bands (Fig. 4) but R^  values (Table 5) 
and i n t e n s i t i e s of bands were quite d i f ferent . In case of egg-
masses of both species the es te rase p ro f i l e had only one band 
of different In tens i ty (Table 5 ) . Dickson et a l . (1971) 
however, found th ree bands in females and two bands in eggmasses. 
Therefore, es te rase analysis provides a biochemical means of 
s ^ a r a t i n g species in t h i s genus. This study confirm previous 
repor ts t ha t the es terase phoiotype i s the most useful bioche-
mical character for iden t i f i ca t ion of Meloidogyne species 
(Hussey et ^ , , 1972; Dalmasso and B€i^e,1978; J ana t i e t a l . , 
1982 and Dalmasso and Berge, 1983). 
A s ingle band of glyceraldehyde-3-phosphate dehydrogenase 
was found with M. incognita . M, .lavanica females as well as 
t h e i r eggmasses. The presence of t h i s enzyme suggests an act ive 
g lycoly t ic pathway leading to the production of 1,3-diphospho-
glycera te as high energy phosphate compound. I t i s use to 
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generate ATP and this is the first ATP generating conpound in 
glycolysis. Thus the nematodes could exist under partial 
anaerobic conditions. This oazyme appeared as a strong stained 
band (Fig, 5), Furthermore, an appearence of significantly high 
activity of G3PD enzyme in eggmasses suggests that this enzyme 
might have been synthesized during the early developmental 
stages. 
Owing to prevalence of superoxide dismutase (SOD) in 
almost all aerobic and aerotolerent organisms we selected this 
enzyme for our taxonomic studies, Esbenshad and Triantaphyllou 
(1985) reported that SOD phenotypes showed the highest specifi-
city in their association with certain species of Meloidogyne 
only next to the esterases. The authors obtained 4 distinct 
phenotypes of the SOD in exclusively certain populations of 
M. arenaria. They regarded this SOD activity and the enzyme 
polymorphism specific for this species. We could not detect the 
SOD activity on the gel under our experimental conditions pre-
sumably due to relatively insensitive staining procedure and 
small sample size. However, the total activity could be detected 
and quantitated in the nematode extracts. It is obvious from 
our results that two species have a little difference with 
regard to the SOD activity in female. However, a distinction 
can be made in view of SOD activity in the eggmasses. 
The comparison of result of this study with those reported 
by Dickson et al. (1971) for M, incognita and M. javanica indicates 
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the need for careful standardization of procedures. Diffe-
rence in cer ta in R^  va lues , number of isozymes detected and 
soluble prote in p ro f i l e were found between the two species . 
Since differences in cer ta in R^ values were observed in t h i s 
study, the number of various isozyme was considered the most 
r e l i a b l e cha rac t e r i s t i c for dis t inguishing these two species . 
Moreover, the populations they invest igated were d i f ferent 
from those we used. Apparently more pro te ins were extracted 
with the method reported here, 
Curran et a l . (1985t1986) made use of r e s t r i c t i o n 
fragment length differences or (RFLD) for the iden t i f i ca t ion of 
nematode species . Moreover, mitochondrial DNA was also ei5>loyed 
for the species specif ic r e s t r i c t i o n s i t e polymorphism in 
Meloidogyne species (Power et a l , 1986) Different races of 
M. Incognita. M, navanica. M. arenaria and M, hapla have been 
shown to possess genotypic var ia t ions in the t e s t Meloidogyne 
spec ies . We invest igated the genotypic d i f fe ren t ia t ion between 
thetvcdevelopmental stages of the 2 Meloidogyne species i . e . 
eggmasses and fanales of M. incognita and M, .javanica. There 
were two common bands between the eggmass DNA of M, javanica 
^^^ H* incognita having a molecular weight of around 20 k i l o -
base sind 2,3 kilobase but the re was an extra band in case 
of M, .javanica eggmass DNA which might be due to the species 
speci f ic var ia t ion between the two species . However, females 
of the t e s t Meloidogyne species did not display any common 
r e p e t i t i v e sequence under the experimental condit ions. Previous 
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workers have also reported the differences in the RFlDs in 
the two species (Power et a l . 1986). In view of t h e present 
experimental data i t seems tha t the i den t i f i ca t i on and charac-
t e r i z a t i o n of Meloidogyne species should be made on the basis 
of both developmental stages e.g. eggmasses and females of the 
Meloidogyne species as well as the species s p e c i f i c i t y . The 
differences in the RFLDs in the two developmental stages might 
be explained on the basis of changes in the chromosomes of 
d i f f e ren t i a t ed species . I t i s therefore , concluded t h a t phylo-
genet ic re la t ionship based on DNA homology can only be de te r -
mined enploying e i ther the differoat races or d i f fe ren t stages 
of the same species . I t i s also note worthy t h a t s a t e l l i t e DNA 
o r the highly r epe t i t i ve sequences for most p a r t of the genome 
rQ)resent the ^unk DNA ( i . e . the non-expressed p a r t of t he 
genome) and thus a h i ^ degree of genotypic va r i a t i on evei in the 
taxonomically closely re la ted species i s j u s t i f i e d . Razin and 
Riggs (1980) suggested tha t methylation of gaie expression and 
d i f f e r e i t i a t i o n involves the t i s sue specif ic DNA methylation 
p a t t e r n . The ro le of ZDNA formation has also been suggested in 
the d i f fe ren t i a t ion processes (Lipps et a l . , 1983). These 
s t r u c t u r a l a l t e ra t ions in the DNA must influence the r e s t r i c t i o n 
p a t t e r n . Moreover, the d i f fe ren t ia t ion process has also been 
suggested to involve the i l l eg i t ima te type of recombination 
mediated by transposable genetic element which w i l l obviously 
a l t e r the r e s t r i c t i o n pa t te rn in the different developmental 
s tages of t he organism. 
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A close resemblance in the proteins and enzymes 
phenotypes of M. incognita and M. 3avanica seem to be better 
index for the molecular taxonomy. The variation is Justified 
in view of the genotypic differences as well as the host 
induced variations. 
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